SSCP analysis of the bovine growth hormone (bGH) gene in Israel Holstein dairy cattle uncovered five intragenic haplotypes, denoted A to E. Of these, Haplotype E differed from the others at six fragments; one of which corresponded to the polymorphic MspI site in intron III, at which haplotype E carried the disabled MspI (-) allele. haplotype E was observed in a single sire only, carrying haplotype A as the second bGH allele. In 523 daughters of this sire genotyped for the MspI polymorphism, heterozygous (+/±) as compared to homozygous (+/+) daughters, showed a significant increasing effect on protein percentage and kg protein per year; and a decreasing effect (P < 0 . 10) on milk somatic cell counts (MSSC). None of the daughters were homozygous (±/±), indicating that the frequency of this allele in the general population was essentially zero. Calculated skewness (g 1 ) values for the two daughter groups differed significantly with (+/±) daughters showing negative skewness (in the direction of lower protein percentage), and (+/+) daughters positive skewness (in the direction of higher protein percentage). The direction of skewness in each group is indicative of the presence of a QTL having an increasing effect on milk protein percentage in coupling linkage with the MspI (±) allele in this sire, but at some distance from it. Maximum likelihood estimates of the proportion of recombination (r) between the putative QTL and bGH, and the allele substitution effect at the QTL (d), were r = 0 . 33, a = 0 . 07% protein, with standard errors 0 . 058 and 0 . 009% protein, respectively.
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The polymorphic MspI restriction site in the third intron of the bovine growth hormone gene (bGH), has been much studied in relation to its effect on milk production traits. Hoj et al. (1993) found a significantly higher frequency of the allele lacking a functional MspI site [MspI (±)], in Red Danish and Norwegian Red dairy cattle selected for high as compared to low fat production; Falaki et al. (1996) found the MspI (±) allele to be associated with higher fat and protein yield and percentage in Italian Holstein dairy cattle, although the effect was not statistically significant; and Lee et al. (1993) found a significant association of MspI (±) with higher fat yield in a high milk-yield selection line. In contrast, Yao et al. (1996) found the MspI (±) allele (which they designate GH4 . 1 t ) to be associated with a statistically significant decrease in milk, fat and protein yield. SSCP analysis of the bovine growth hormone (bGH) gene in Israel Holstein dairy cattle uncovered five intragenic haplotypes (Lagziel et al. 1996) . Haplotypes A±D differed among themselves at two fragments, while haplotype E differed from the others at six fragments; one of which corresponded to the intron III MspI site, at which haplotype E carried the MspI (±) allele (Lagziel & Soller 1999) . Out of six sires genotyped, haplotype E was observed in heterozygous state in a single sire, carrying haplotype A as the second bGH allele. Selective genotyping for milk protein percentage among the daughters of this sire, showed a significant positive effect of haplotype E on milk protein percentage (Lagziel et al. 1996) . In the present study, we examined effects of haplotype E on milk production traits of a large sample of the daughters of this sire. Evidence was found for a locus having a powerful positive effect on milk protein percentage located in loose coupling linkage with the bGH gene.
Genetic evaluations for kg milk, fat, and protein; for milk somatic cell score (MSSC); and for female fertility, calculated as the inverse of the number of inseminations to conception (Weller & Ezra 1997) , were computed for all milk recorded cows in the Israel Holstein population by the individual animal model. The model included random genetic and permanent environmental effects, and fixed herdyear-season, parity, and genetic group effects . Evaluations for protein percentage in Israel are derived from kg protein and kg milk, as: (EBVP ± MP)/(EBVM ± MM), where EBVP and EBVM are the estimated breeding values for kg protein and milk, and MP and MM are the respective population means. Evaluations for fat percentage were derived in a similar manner. The genetic basis for all traits is the cohort of cows born in 1990 (the mean EBV of all cows born in 1990 is set to zero).
Milk samples were collected from over 500 randomly selected milk recorded daughters of the sire heterozygous for haplotype E. The daughters were genotyped for the diagnostic MspI PCR-RFLP. Genotyping of milk samples was based on Lipkin et al. (1993) . PCR amplification was according to Lagziel et al. (1996) , using the following primer pair: Bov3 59 ACA CCC AGG TTG CCT TCT GC Bov4 59 GGA GAA GGG CTA GGA AGG AG The PCR product was digested using MspI, and separated on a 2% agarose gel. Following genotyping, the data were analyzed separately for each trait, using a t-test on the estimated breeding value of the daughters for the trait (Walpole & Myers 1978) .
Genotyping was performed successfully for a total of 523 daughters. Of these, 246 were heterozygous (+/±) for the MspI polymorphism, and 277 were homozygous (+/+) for the presence of a functional MspI site. None of the daughters were homozygous for the MspI (±) allele, indicating that the frequency of this allele in the general Israel Holstein population is effectively zero. Thus, all daughters carrying the MspI (±) allele were assumed to have received Haplotype E from their sire. Results of the statistical analysis are given in Table1.
Among the genotyped daughters, haplotype E had a significant increasing effect on protein and kg protein per year; a decreasing effect (P < 0 . 10) on milk somatic cell counts (MSSC); but did not have significant effects on total milk production, fat percentage, kg fat per year, or female fertility. The values in Table 1 are the fixed effect estimates from the linear model analyses. These underestimate the actual allele subsitution effects because of recombination, and because the effects were computed in terms of the cows estimated breeding values for kg milk production and kg protein production which have low heritabilities and hence are highly regressed. Thus, these estimates are strongly biased towards zero (Israel & Weller 1998) .
The observed effects may be a direct effect of the haplotype E allele, or due to coupling linkage with one or more linked QTL. Incomplete linkage between the marker locus and the gene affecting a quantitative trait should result in a difference of skewness of the phenotypic distributions of the two daughter genetic groups (Zhuchenko et al. 1979) . In particular, individuals that received that paternal allele at the marker locus, which was associated with an increasing effect on the trait (the MspI (+/±) daughters in our case) should have a negatively skewed distribution; the opposite would be true for the individuals that received the paternal marker allele associated with a decreasing effect on the trait (MspI (+/+) daughters). Calculated skewness (g 1 ) values were ± 0 . 377 and + 0 . 156, for MspI (+/±) and MspI (+/+) daughters, respectively. The difference between the two g 1 values was statistically significant (z = 2 . 48; P < 0 . 01) using the approximate standard error for the difference, SED(g 1 ) = (6/n 1 + 6/n 2 ) 1/2 = 0 . 21, where n 1 = 246 and n 2 = 277 are the number of daughters in the two daughter genotype groups, respectively. The opposite direction of skewness in the two daughter groups, and the actual direction of skewness in each group, is indicative of a locus affecting milk protein percentage in linkage with bGH in this sire, but at some distance from it. The recombination fraction, r, between the putative QTL and bGH was estimated by singlemarker maximum likelihood methodology (Weller 1986 ) taking into account that a marker analysis carried out among the daughters of a single-sire is analytically similar to a backcross design. The only difference is that in a backcross design one estimates (d + h) (d: main effect; h: dominance effect, using Birmingham notation); while in the half-sib design one estimates the allele subsitution effect, a = d + (q-p)h, where q and p are allele frequency in the dams of the negative and positive alleles at the QTL, respectively. The analysis was performed by means of the EM algorithm (Jansen 1992 ) assuming equal residual variances for the MspI (+/±) and MspI (+/+) daughter groups. We are currently investigating extension of this procedure, treating the (+/+) and (+/±) daughter groups separately as a mixture of QTL genotypes, as a means of estimating the frequency of the QTL alleles in the female population, and of the additive and dominance effects of the QTL alleles.
Using this procedure, the maximum like-lihood estimate for recombination proportion (r) was 0 . 33 with a broad support interval, ranging from r = 0 to r = 0 . 45. The standard error for r was 0 . 058, which gives a 95% con-fidence interval of about 0 . 24 recombination units. Lack of correspondence between support interval and confidence interval has been noted previously (Darvasi et al. 1993) . The bGH gene is located on BTA19, 66 cm from the centormeric marker BM9202 (USMARC 1998). Thus, the potential region within which this locus lies covers about half of the chromosome.
The maximum likelihood estimate of the substitution effect, a, of the putative QTL was 0 . 07% protein with a standard error of 0 . 009% protein. This is about 0 . 37 of a phenotypic standard deviation for this trait. As noted above, the analysis is based on cow estimated breeding values, which are highly regressed, so that the actual substitution effect may be as much as twice as large. Effects of this general magnitude have already been found for fat and protein percentage in dairy cattle (Georges et al. 1995; Ron et al. 1998) , although not on BTA19. Studies in our laboratory are now under way to define more closely the location and effect of the putative milk protein percentage locus linked to bGH haplotype E by genotyping additional markers, flanking bGH. 
